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The E 3B and E 4B from two QM methods and polarization models for the 3B-69 set. 
Interaction T matrices and damping functions
Through successively taking the derivatives with respect to the coordinates, the damped interaction T matrices can be obtained with a set of consistent damping functions (λ 3 , λ 5 , λ 7 and λ 9 ). = − 3 3 
In the above equations, the Einstein summation convention ( , , and ) is used to represent three values x, y, and z.
Two sets of damping functions are listed below. The first set can also be found in the original AMOEBA literature. 1 They are used in the direct and mutual induction damping of the current AMOEBA and Model 1, as well as the mutual induction damping of Model 2. 
Followings are new damping functions applied in the direct induction of Model 2. 
In the above equations S2 and S3, u is the polarizability scaled distance and is the dimensionless damping factor. The expression of u can be seen in the main text.
Many-body decomposition approach
The 3B and 4B interaction energy (E 3B and E 4B ) are obtained from MP2 calculations through the following expressions:
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(1) In a trimer composed of A, B, and C monomer, E 3B is calculated as
(2) In a tetramer composed of A, B, C, and D monomer, E 4B is calculated as
(3) In a tetramer composed of A, B, C, and D monomer, E 3B is calculated as
where the subscripts ABCD are the bodies being calculated. The basis set superposition errors are taken into account through the above equations. To illustrate the over line in the subscript, for example, ̅ means the atoms in C are treated as dummy atoms to get the single point energy ( ̅ ) of dimer cluster composed of A and B molecules. Tetramers: This set contains 26 clusters formed by the first 11 molecular species shown in the main text Figure 1 . Specifically, 10 homo and 16 heterotetramers are included. These tetramers were fully optimized by MP2 thus can be viewed as the "equilibrium" geometry clusters. This database, together with Water-4568 was used to parametrize the polarization models.
Many-body decomposition databases

Trimers-Distance:
Here Trimer-Distance set is composed of 11 homo-trimer formed by the first 11 small molecules listed in main text Figure 1 . Intermolecular distances of each trimer were systematically varied, leading to 124 configurations in total. Trimers with short intermolecular distances were generated according to the following procedure we proposed. To take water as an example, water trimer was first fully optimized to its equilibrium geometry.
Then by varying the "equilibrium" intermolecular distances, d 1 and d 2 , in the fold of [0.88, 0.92, 0.96, 1.00] and [0.85, 0.88, 0.91, 0.94, 0.97, 1 .00] respectively, in total 24 trimers were generated for water. Apparently, except for the structure of (d 1 , d 2 ) being (1.00, 1.00), which is right the "equilibrium" geometry, other structures are at their closer intermolecular distance geometries.
For trimers other than water, a similar procedure was applied to generate the closer intermolecular distance structures based on their fully MP2 optimized structures. Figure S1 . This is the same as Figure 2 
B. Validation databases
Water6-Extra: In addition to the prism water hexamer used in the parametrization database, additional seven water hexamers were employed to test the accuracy of the polarization models.
These seven isomers have different hydrogen bonding networks that probably cover the majority of the hydrogen bonding patterns of bulk water thus are very suitable for providing as a test case.
3B-69 set:
A different set of the E 3B database, "3B-69 set", was taken from Beran and coworkers [3] [4] to further test the accuracy of our polarization models. The 3B-69 set is consisting of 23 trimers with each trimer having three different configurations. The MP2/CBS and CCSD/CBS level of E 3B is provided in this database. [3] [4] Based on the AMOEBA multipoles parameters availability, 5 trimers (14 configurations due to the availability of XYZ coordinates)
were selected from the database to test our models. 
Model details
Numerical results Table S1 The effect of the direct and mutual damping factors on the E 3B and E 4B .
These calculations were performed on the cyclic water tetramer. It is seen from this table that: (1) the E 3B from direct induction possesses ~70 percent of the total amount from direct plus mutual induction; (2) the E 4B is totally from the mutual induction in our polarization model (thus E 4B listed on Direct only rows is zero). Fixing the mutual damping and modifying the direct damping will change both the E 3B and E 4B .
Mutual damping factor fixed to 0. 4630 -6.9885 -6.4046 -6.1857 -6.0163 -6.1921 -6.5347 -6.4547 Tetramer -6.2501 -7.3126 -6.5460 -6.4250 -6.3496 -6.3205 -6.5996 -6.9188 Pentamer -9.1722 -10.2576 -9.1572 -9.0669 -8.9742 -8.9027 -9.2477 -9.9034 Hexamer -9.0748 -9.9905 -9.0790 -8.8787 -8.7848 -8.7266 -9.0515 -9.2497 Table S5 The E 3B and E 4B from MP2 and polarization models for Water6-Extra set.
See the details of each model in the above "Model details" section in this file. Table S6 The E 3B and E 4B from two QM methods and polarization models for the 3B-69 set.
Three isomers (denoted as a,b, and c in the Table S8 The E 3B from QM and polarization models for metal/halogen-water dimers.
QM E 3B was calculated using riMP2 method. Due to the availability of basis set, 6-311++G(2d, 2p) 
Graphics
In this section, the graphics of all of the molecular clusters used in this work are listed according to the orders that they appear in the main text. The corresponding *.xyz files are provided separately. These structures are rendered using PYMOL molecular graphical software. 
